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Species are one of the few
fundamental units in biology. Yet,
study of how they form has had an
erratic history. Despite the title of
his book, Darwin gave the process
of speciation little attention in the
‘Origin of Species’ — even though
his earlier notebooks show that he
thought deeply about many issues
that are still current. (Darwin’s
apparent neglect of speciation may
have been due to his wish to
emphasise the evolutionary
continuity between ‘varieties’ and
species.) The late 19th century saw
substantial work on the geography
of speciation (especially by Moritz
Wagner and David Starr Jordan),
and in mid-twentieth century, the
‘Modern Synthesis’ between
Darwinian evolution and Mendelian
genetics developed our modern
ideas of what species are, and how
they form. However, the luminaries
of the field, Wright, Fisher and
Haldane, barely considered
speciation in their development of
population genetics, and more
recently, evolutionary biology has
concentrated on other issues: what
maintains molecular variation, the
description of phylogenetic
relationships, and measurement of
natural selection in the wild. 
Over the last decade, interest in
speciation has revived, yet until
publication of Coyne and Orr’s
new book ‘Speciation’, there had
been no comprehensive treatment
since M.J.D. White’s ‘Modes of
Speciation’ in 1978. Coyne and Orr
begin by showing that species are
real biological units, recognised in
essentially the same way by
diverse cultures; but there is
continuing argument over how
they should be defined. The next
chapter discusses the various
ways by which we can study
speciation, and gives a nice
overview of the whole book. Coyne
and Orr go on to discuss the
geography of speciation: after 150
years, the questions of whether
species form in geographic
isolation (in allopatry), and the
extent to which gene flow impedes
divergence, remain central. The
following chapters examine the
different kinds of reproductive
isolation that separate species —
ecological, behavioural and
postzygotic — and their genetic
basis. Finally, Coyne and Orr
consider how species can form
rapidly, through hybridisation and
polyploidy; how selection can
reinforce mating isolation; and how
rates of speciation can be
measured. Thus the book covers
essentially the whole field: the only
significant omission is the relation
with the large ecological literature
on species diversity: how do
mechanisms and rates of
speciation influence the observed
numbers and distribution of
species?
Coyne and Orr have little
sympathy with the “vast and
stupefying literature” on species
definitions. They adhere to the
traditional ‘biological species
concept’, and relegate discussion
of alternatives to an appendix. The
biological species concept defines
species by their possession of
inherited differences which
prevent them from successfully
interbreeding with other such
species. However, following
Wright, Dobzhansky and Mayr,
Coyne and Orr relax this definition:
they regard populations as good
species if selection maintains
substantial differences despite
some interbreeding. Thus, distinct
taxa that only occasionally
produce hybrids, or that are
separated by narrow hybrid zones,
are still regarded as biological
species, even though they
exchange some genes.
This is problematic: although
selection may maintain
differences at hundreds of genes,
there may be a negligible barrier
to gene exchange at thousands
more. For example, Drosophila
pseudoobscura and D. persimilis
appear as distinct species, only
rarely interbreeding in the broad
area where they are found
together. However, the genes
responsible for their reproductive
isolation are confined to a few
genomic regions that differ by
chromosomal inversions (Noor et
al., 2001), and there is little
evidence of barriers to gene flow
elsewhere in the genome
(Machado et al., 2002). Coyne and
Orr point out that any selection
that maintains divergence must
reduce gene flow at unselected
loci, but that that reduction may
have negligible effect outside a
small region of genome (as in this
example). It might well be the case
that every local population is
characterised by multiple
adaptations, yet we would not
want to call each of them species.
This is largely a semantic issue:
after all, the processes involved
are well understood, and given the
continuity of evolution, any
species definition necessarily
involves some arbitrary dividing
line. However, examples such as
this highlight the important
questions of whether gene flow
impedes divergence, and whether
divergence generates significant
barriers to gene flow.
The same issue arises in later
chapters on the geography of
speciation. The central question
here is whether species usually
form in allopatry or, instead, often
form despite some gene flow (in
parapatry) or even within the same
area (in sympatry). Allopatric
speciation is inevitable: separately
evolving populations will
eventually become incompatible.
But most of the mechanisms that
cause divergence in allopatry also
operate in parapatry. For example,
different alleles will be established
if selection favours them in
different parts of a broad
geographic range — as witnessed
by many cases of clinal variation.
Coyne and Orr argue that if distant
populations hardly ever exchange
migrants directly, then they are
effectively allopatric. But there is a
real difference: in parapatry, both
neutral and favourable alleles can
spread across a species’ range, so
that there can be free gene flow
over most of the genome, even
while divergence accumulates at
specific loci.
Coyne and Orr review evidence
that sister taxa are often
separated by barriers; one of the
best examples comes from the
many pairs of marine species that
were separated by the Isthmus of
Panama, about 3 million years
ago. This pattern, termed
‘Jordan’s Law’ in 1907, has long
been the key evidence for the
prevalence of allopatric
speciation. Rigorous comparative
analysis, made possible by better
knowledge of phylogenetic
relationships, confirms that sister
taxa do indeed usually have
allopatric distributions, or abut in
narrow hybrid zones. This makes
it implausible that sympatric
speciation is widespread, as some
have recently argued.
As Coyne and Orr make clear,
however, this kind of evidence
does not really distinguish between
an allopatric versus a parapatric
origin of reproductive isolation. If
changes accumulate gradually and
independently within continuous
areas, then they will be brought
together by continual reshuffling of
the species’ range. Thus, most
hybrid zones in northern latitudes
formed after the last glaciations,
but the divergence involved is
much older (see Klicka and Zink,
1999). In principle, evidence that
different genes diverged at similar
times, consistent with a known
historical separation, would
support allopatric speciation.
However, the inaccuracy of
estimates of divergence time, and
the wide variation in the
evolutionary process, make this
approach difficult in practice.
The genetics of speciation
reveals clear patterns. In 1922,
Haldane pointed out that hybrids
with heterozygous sex
chromosomes — males in
mammals and Drosophila, females
in Lepidoptera and birds — suffer
more than the homogametic sex.
Moreover, sex chromosomes are
disproportionately involved in
causing reproductive isolation.
Both patterns are explained
primarily by the recessive action of
incompatibility alleles in hybrids:
such alleles are unmasked when
on a sex chromosome in the
heterogametic sex. 
The most exciting progress in
speciation research in recent
years has been the fine mapping
of the genes responsible for
reproductive isolation in
Drosophila, a research program
begun in the 1930s by
Dobzhansky and Muller, but only
recently revived. This has
confirmed the ‘dominance theory’
for Haldane’s Rule, and has gone
on to identify the genes (indeed,
the actual changes in DNA
sequence) responsible for hybrid
sterility and inviability. These do
not form a special class
(transcription factors, say) and we
do not know exactly how they
disrupt hybrid fitness. In most
cases so far, however, genes for
reproductive isolation show a high
rate of amino-acid evolution,
indicating positive selection. From
this and much other evidence,
Coyne and Orr argue that
selection, rather than random
genetic drift, has been the main
cause of reproductive isolation —
one of the few questions in
speciation research that can be
considered settled.
One of the many strong points
of this book is that it highlights
areas that have been neglected
hitherto, but which promise
substantial progress. A central
question which has received
surprisingly little attention is why
there should be distinct species at
all. Phenotypic clusters in sexual
species largely correspond to the
reproductive barriers that
separate biological species.
However, this cannot explain why
largely asexual groups, such as
bacteria, can be classified into
definite clusters. One possibility is
that bacterial ‘species’ are
adapted to particular ecological
niches, and remain homogeneous
because favourable mutations
occasionally sweep through the
entire niche, eliminating variation
within it (Cohan, 2002;
Barraclough et al., 2003). Other
potentially fertile areas suggested
for future research include hybrid
speciation, which may be
sufficiently rapid for experimental
manipulation, and the estimation
of speciation rates, which can
show whether certain traits are
associated with rapid speciation,
and hence may increase through
‘species selection’.
Overall, this book provides an
outstanding and much needed
review of the whole field, written
in a clear and critical style. It will
be an invaluable resource for
graduate students and for
researchers in general. It is good
to see arguments laid out
carefully, something which is only
really possible in a book, rather
than in individual papers.
Speciation research has suffered
more than most fields from
excessively short papers, which
make bold claims without properly
discussing the previous literature,
or potential difficulties. I hope that
Coyne and Orr’s book will
encourage others to follow their
example.
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